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‘Two prototype Microstructured Oriented Fiber (MOF) air filter elements were designed and buil to fit a 
HMMWV (M998 Usility Truck) multistage housing by MicroEnergy Technologies Ine. under contract 
DAAE07-03-C-1.066, During April and May of 2003, the MOF filters underwent dust capacity and 
ffciency performance testing atthe U.S.Army Tank Automotive Research, Development and Engineering 
Center (TARDEC). The MOF filter did not meet the efficiency or dust capacity performance requirements 
‘The MOF filter attained an efficiency of 66.78%, which is far lower than the required 99.54. The MOF 
filter achieved a dust eapacity of 40 minutes, which is considerably less than the required 20 hours. During 
the efficieney and dust capacity testing, the pressure drop across the master (absolute) filter increased 
rapidly which indicated the MOF filter was allowing a significant amount of dust to pass through resulting 
in ow performance. The MOF filter is not recommended for the M988 since the dust capacity and inti 
elfcency did net meet the performance requirements. 
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SUMMARY 


‘Tis technical ep. prepared by the Propulsion Product Support Tea under Contact, 
[DAAEN?.05-C-L066, describes the das capacity and elicieney testing performed on 4 
‘ew innovative ai ier meds the Tank Autonitive Rewatch Devslopeent 
Engncering Center (TARDEC). A Sal Buses Inovaive Research (SBIR) 
comet designe and bull a innovative ite element ft a M90S HMMWV 
‘mulrstage housing using thoi ae ler media, Theiler medias micromachined and 
‘ade fom an ary of ay perforated sales steel pce. The ails ea ples ae 
Called miropillss. The ie sans scl ite called Micosractured Ostend 
"Rber (MOF fle 


‘The est results showed the MOF fier had a dust capa of 40 minute, which is 
considerably leas tha he requted 20 urs. The pressure drop across the mater ier 
‘creased ply which iadcae x considerable avout of dst wae gong tough the 
[MOF fier media The contactor wae allowed to mothe MOF fer lement design 
ort efficiency testing. 


After the modifications were completed, TARDEC conducted he ficiency test on the 
limpoved MOF iter element. The test results showed nil efficiency of 6.78%, 
whic ie farlower than the eguted 9%. Once pin th pease drop acrnathe 
‘aster inweased apy indicating considerable amu of dst akage ough 
the MOF fier modi, Basel upon the est eval using te Ars cent ext estos 
in rocedares. the MOF fs unacceptable fr use on the MODS since the st 
‘opty and inital efficiency ad not met the perforate requirements 


Lo BNTRODUCTION 


‘Acer elements st undergo perfomance esting befor being considered for use on 
‘lay vehicles, This technical report describes the peforwance tt rele and evasion 
ofthe dst capacity and inal efficiency tests hat ete conducted by the U.S- Army Tank 
“Automotive Reseach Developnen and Engineering Center (TARDEC) ues Contact, 
DAAEDTIS-C-L66, on a oiaype MOF Ker med The MOF Be meas 
‘micromachined and made fom an aay of minute peforted sans sel peces. The 
Staines steel pecs arith shape ony eectangular plas so af propa called 
mirpills 


tn January 2003, Phase ESBIR kick-off meting wis held at TARDEC when the 
(Conzactor cain the MOF fs would out perform existing paper irs hase on esas 
From heir Compottionl Fld Dyaasic (CED) coe at in-house sing. The contacto, 
‘MicroBnergy Teeologies Ie (Mc), wanted to Vleet cla tous 
favlormance wsing at TARDEC. Following thesia Kickal meeting, 0 cost 
‘difiation was tad to contract DAAE-03-C-LOG6 to include the dlivey of 0 (2) 
‘roto MOF a fiers to TARDEC'sAiflow Labortris for performance testing. The 
‘Government would rovde she Contactor with ests of the Government etn 


‘The performance esting ook place it Api and May of 2008, Tesing was conducted with 
‘he MOF iter element isle in 4 MOBS HMIMW (PAN 192071253911) mul stage 
housing ands up Building 7t TARDEC. Repesctatives fom MictoET vse the 
‘TARDEC tet act to oburve the esting. 


20 omECTIVE 
‘The objective af the test wa to determine intial efficiency and dust capacity performance for 
the tole MOF titer elements provide by Miro. Testing was conducted ia 
sccoance with Miltary Speciation MIL-PRE-AG736E 21 August 1998 


30 CONCLUSIONS 
‘Two peotoype MOF ster elements were bit nd sted. The MOF ite clments dot 
‘mec dus capacity oil efficiency perormance eguiremens. Testing the MOF fier 
SUTARDEC provided the perfocmance das neceuary terse te inovaive fie nei, 
40 RECOMMENDATIONS. 


“The MOF fe is ot ecommended forthe MOH since the us capaciy ain 
efficiency didnot meet the performance equiemens 


‘SOTEST MATERIAL 


MOF Fier #1 (vith poten is shown in Figure and was used fo the fs ds eapciy 
‘estand cumulative efficiency tx 


‘MOF Filter (petite cu aay) isshown in Figure 2 and was wed forthe second dst, 
‘capacity andcumulatveeticiency test 


(MOE Fiter#2. (improved design), was used forthe ina econ est. The improved 
fer design included reducing the size ofthe openings between the microplate 
‘ecticaly charging the fie element or enancod efficiency. 


‘Testing was conducted with the MOF Ser elemt install a HMMWV (PIN 19207 
12301 1) mule-stage housing 


(60 TEST EQUIPMENT AND PROCEDURE 


‘The est equipment used included: (1) est bench po. 1, 1200 CEM: (2) Accu dust 
{beer 2) itzrle sie inch, SOD CFM and) plezometer abe 4 ames 


‘The west sequence was meas intl estction pressure op) as function of afow 
‘ate foreach element conduct inital efficiency test (MOF titer #2 nly aed cumulative 
‘licens ests (MOF tte with pefiter and MOF ite with prefer cut) we 
‘messing dst capacity to 20 aces of water tenia pear op across the element and 
housing ateated alow (se APPENDIX A}. 


“10 RESULTS AND DISCUSSION 


‘Th est sesus are presented in Figures 3 and 4. Figure 3 display the ini estiction, 
‘nl and cumulative eiciency and dust capacity, Figure 4 Shows pressure dopa 3 
function of dust fed the MOF te ad HMMWV fusing Two dst capac ext were 
conducted oa MOF ter, one wih peeite around the copa medi al one With 
the prefer around te mireroplir media eu away. The conractr cutaway the peter 
‘sound the mcropillr media ad atlained an acceptable nial esto on he second dust 
‘caput 


‘During the dus capacity and ini eficioney testing the pressure dep rss the master 
ftersnceased rapidly (see Figure ) which india a considerable aout of dst leakage 
was taking place, Alt de fist dst capacity tes stl inspection showed kage round 
‘he scale se tough the MOF ier media. Seals Were modiied and no leaks were noticed 
ling the second dst capacity onal etficeny test. This aeate the MOF ite medi 
‘design was allowing sigan mount of dust woleak trough. The cooracior was 
lowed to mod the MOF fier media design pit inl etfiieny testing Wad the 
‘tapoved desig. the MOF iter moda ws ail allowing asigiicant amount of us to ass 
‘though causing the esting wo be cvmiated because the mast absolut) er teache is 
eesue drop Limit. 
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FIGURE 3- MOP FILTER TEST RESULTS" 


*The MOF fer was installed ina HMMWV (PIN 19207-1233911) musta sig. 


wo duntfed 


PESSSURE DROP 


TEST TIME - minutes 


FIGURE, PRESSURE DROP VS AIRFLOW TEST TIME 


APPENDIX A 
(MOF FILTER TEST PLAN 


INTRODUCTION 


‘Ts test plan eas thescoe of work to be performed by TARDECs Propalion 
‘Products Support Team at Test Operations Tear for Contet DAABOT-0-C-106610 
determine th efficiency and dust capac of prottype MOF filer made by Mico. 
‘Thee teat wll be conducted in Airflow Laborsoy,Hulding 7 


OMECTIVE 


‘The objsctve of thistests to evaluate the dst capacity and inl efceney 
formance of anew Tier medi 


‘TESTMATERIAL 


‘The airfiler tobe ested is known a a Microstrctred Oriented Fiber (MOF) te 
designed and bil by MicroEnergy Technologies lc. Micro). Two pty ait 
iter a's productions cleaner housing ued for tenting MOF Sie 1 willbe Wed 
forthe dst capacity testing. MOF fer #2 will bused fo the ina econ ests 
-MicrOET will povide he prototype MOF stainless steel ites. TARDEC will 
ovide the HMIMWY (PIN 192071233911) multi-stage housig. 


‘TEST CONDITIONS - Sal be in sscondunce with MIL-PRE-G2DINC Seton 3.4 


Tien Temperature 


Two 


Relative Hum 


aos 


Rais Air Flow 


“20 cin @ salar aap coniiions oT oT 
mercury (2992" Hi bones pressure @ 27 °C (80°) 
bint emperatue providing tar density of 1.17 
‘gin 0073 ta) 


iow REO 
Vales 


‘Shall Be corscted wo alow wih a demi of TTT Eat 
and accurate to = 002S KPa (0 igh Wate 


Test Dat 


Fin and coarse dhs por SAET7% chemical alps and 
surtle sie distibation 


Dan ating ae 


SSS gn (0005 git" gi OOS TCT 


‘TEST PROCEDURE 


TP Tat the HWWMY sir cleaner on he est stand shown in FIGURE A-L in 
scoalance With MIL-PRE-G2018C APPENDIX A, FIGURE 2 


lestrument Test Stand 


Presuetansdice eros aicleaner PO-30/in HO 0.1 


resus transduce across mast iter: PO-30 in 


O04 


3. Determine the following weight toa accuracy of. grams electronic ele) 
before ad ate the test ar anytine the seavenge dust eller aris empid 
‘unt Feeder allt Contos 
3 AleCleaner without scavenge dst collector jt 
€ Scavenge dust coletr jr 


44 Filer Bement 


4 Determine Mase iter Elmont weight oan aecuraey of 2001 grams 


‘. Determine and econ inl ilo esticton stat low per MIL-PRE-G2OI8C 
Secon 45.32. The inal allow rexticion of te air cleter hal ot exceed 2 
MPs @ in H.Oyateted ato 


(6 Determine init efcioney por MIL-PRF-46736E Secon 4.4.3. With the ie 
dusted to ated, ie pra ust sal be ed at 0883 20.196 ns ae (2028 
‘tun 110 grams of dust has ben fed or ua 30 minutes have bee eaced 
Whichever zesus ina greater quantity of ast. The ial efficiency sal at be ess 
than 99 using the following equation 


Wot masteriterandenteappedust Orginal of masterfer 


ticney = 100 


1 Determine dst capaiy por MIL-PRE-AGT36E Seton 6 
ood coe dst ino he a cleaner at ate of 0.025 pt without dst injector 
soa 
1h tet will be conduc vail los and dust flow flows 

‘Stap_[ Duration nn) | Das) [-Aow Yn) [Dust gana 


f ro Ts “20 TH 
z r1 oss 352 ma 
z oF TS a ar 
+ oT mE m3 co 
s To =r = 
@ w TS Te = 


1b. See Viable sitflow cycle in FIGURE A.2 and se the -min cle, 10min, 
Jnterals This alo eyes fom MIL-PRF-46736E Section 32 

Record slow resticuon every ten mites at begining ofeach Now tp. 

{1 When the rated airflow (420 CEM) pressure drop is geting clase to 20 ince of 
water, arated sr flow pressure dep reading willbe taken a 30 rites, Do his 
en he tet will ost mae then wo ote hous longer. 

Testing will stop when tear cleaner alow testcton reaches 20 inches of water 
ste ted slow of 20 CEM, 


Determine and econ post sevice stl restriction at ated ow per 
(MIL-PRI-AGTI6E Section 33.58 Secon 445. The si cleaner shal ot 
exceeds vigil esticion by more Un 219 Pa (Linch HO) a ated ielow 
Mer cleaning. 


9, Determine cumulative efficiency in ference ode das capacity test per MIL: 
DPRE-AGTSGE Section 4.¢ and dst collection efficacy stl he ot ss han 
998. 
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FIGURE Act, AIR CLEANER TESTSET UP 
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FIGURE A.2. VARIABLE AIRFLOW CYCLE 
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APPENDIX 8 


MOF FILTER TEST DATA, 


IST CAPACITY TEs 


Dust capacity = 30 minutes, 


‘5% Cumulative Etceney = 85.6% 


* Comlaive 


We of master file & entrapped ds 
Original wt of maser it 
Woof Dus ft 


Woot masteriter &enteappeddust- Original w 
Woot dusted 


187 grams 


of master fer 


“The est was tenminated when the maser er eached it peste op Ln 


7 [OREM NEE Toriarencel 

Components Orginal 1 pateapped Dust 
grams) | ateaed 

[Doar Teed Dost, DU Ta Bia [Hs TH 

Dust deivery nose, et I eat + 

Jiezometor tube, emoath aperosch 

nozzle, hose & clamp. 

aster er 1 Ta Ea 


DUST CAPACITY TEST DATA 


Pressure drop across] Presure drop acres 
‘tawe | Atetow | "Air Cleaner ‘Master Fer 
xia | cE "120) (CHO 
0 _| ‘aiae. 1530, 1235, 
T0| “2553 eae. 725. 
2780 +00 Zid 
EO MESEEY 24.48 19.22 


IST CAPACITY TEST - MOF FILTER #1 PRE 


CUTAWAY 


Dust capacity = 40 minutes 


‘Cumulative Btiency 


747% 


We of maser fier entrapped dust = 133.38 grams 
Original we of nae fier 10285 pram 


Woof Dus f= 240+ 25) = 2975 gran 


“The est was teint when the mse er eached it peste op Li. 


‘Orgad WE 

Components Entrapped Dust] Dlterence 
(grams) 

Daan, Daw, Da Tay 7 Eg 

Dt delves weal piezo aa ay 

fe ssi spouch aoale, hose 

[can 

Naser TS Ta uz 


DUST CAPACITY TEST DATA 
“Tine ]Aleiow [Pressure Drop anne] Presure Drop across 


aun | 6c Master Fler 
2 [Ba 
cn EEA 


SENCY TEST- MOP FILTER #2 0.20.03 


5 Inia Eticency = 66.786 


We of mas fier earapped dst =2544 grams 
Original we of mas er = 197.1 grams 
“The est was temninted when the mse er eachedit peste op Lint 
Original | Ora WEE] ye 
Components We [Entrpped Das 
grams) | igrams) [3 
ae DTT sTnEE nS — Pos 
ast diver hon, Tet pero FOOT APPR] — gay esi > 


EFFICIENCY TEST DATA 
Time | Aelow | Pressure Drop acras ] Presure Drop across | Pressure Drop across 
SCFM | Air leaner("HL0) [Master Fter 41°10 [Master Filter #2(°H:0) 


Tar TH 
o 36 BT 


